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Method and device for scanning a disc-shaped information storage medium 



FIELD OF THE INVENTION 

The present invention relates in general to a disc drive apparatus for writing 
information to a disc-shaped information storage medium and for reading from a disc-shaped 
information carrier. More particularly, the present invention relates to a disc drive apparatus 
5 for handling an optical storage disc; hereinafter, such disc drive apparatus will also be 

indicated as "optical disc drive". It is to be noted, however, that it is not intended to restrict 
the present invention to optical discs, since the gist of the present invention is also applicable 
to other types of discs. 

10 BACKGROUND OF THE INVENTION 

As is commonly known, an optical storage disc comprises at least one track, 
either in the form of a continuous spiral or in the form of multiple concentric circles, of 
storage space where information may be stored in the form of a data pattem. Optical discs 
may be read-only type, where information is recorded during manufacturing, which 

15 information can only be read by a user. The optical storage disc may also be a writable type, 
where information may be stored by a user. For writing information in the storage space of 
the optical storage disc, or for reading information j&om the disc, an optical disc drive 
comprises, on the one hand, rotating means for receiving and rotating an optical disc, and on 
the other hand optical scanning means for generating an optical beam, typically a laser beam, 

20 and for scanning the storage track with said laser beam. Since the technology of optical discs 
in general, the way in which information can be stored in an optical disc, and the way in 
which optical data can be read from an optical disc, is conmionly known, it is not necessary 
here to describe this technology in more detail. 

For rotating the optical disc, an optical disc drive typically comprises a motor, 

25 which drives a hub engaging a central portion of the optical disc. Usually, the motor is 

implemented as a spindle motor, and the motor-driven hub may be arranged directly on the 
spindle axle of the motor. 

For optically scamiing the rotating disc, an optical disc drive comprises a light 
beam generator device (typically a laser diode), an objective lens for focussing the light beam 
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in a focal spot on the disc, and an optical detector for receiving the reflected light reflected 
from the disc and for generating an electrical detector output signal. The optical detector 
usually comprises multiple detector segments, each segment providing an individual segment 
output signal. 

During operation, the light beam should remam focussed on the disc. To this 
end, the objective lens is arranged axially displaceable, and the optical disc drive comprises 
focal actuator means for controlling the axial position of the objective lens. Further, the focal 
spot should remain aligned with a track or should be capable of being displaced from a 
current track to a new track. To this end, at least the objective lens is mounted radially 
displaceable, and the optical disc drive comprises radial actuator means for controlling the 
radial position of the objective lens. 

A control circuit drives the motor, and drives the actuator means, so as to 
position the focus spot of the laser beam with respect to the correct track, and to rotate the 
disc at a desired velocity. In setting the disc velocity, the control circuit may apply different 
control strategies. In one control strategy, the disc motor is driven to rotate at a constant 
rotational frequency, causing the disc to rotate at a constant angular velocity; this mode of 
operation is indicated as CAV mode. 

In another control strategy, the rotational frequency of the disc motor is 
selected in relation to the radial position of the laser beam focus spot, such that the disc is 
rotating at a constant linear velocity; this mode of operation is indicated as CLV mode. 
Assuming that the liaear bit density of the track is constant, CLV mode leads to a constant bit 
rate, whereas CAV mode leads to a bit rate which is higher for the outer track than for the 
inner track. 

A disc drive apparatus may be capable of operating in one mode only, at one 
fixed setting. For instance, a disc drive may otily be capable of operating in a CAV mode at 
one fixed angular velocity independent of the radius. Or, a disc drive may only be capable of 
operating in a CLV mode at one frxed linear velocity. However, the present invention relates 
to a disc drive apparatus having a variable velocity setting and/or capable to switch operating 
mode, i.e. to selectively operate in CAV mode or CLV mode; this freedom of selecting 
velocity and/or mode will generally be referred to as setting mode/velocity. 

Disc drive devices capable of setting mode/velocity are known per se. For 
instance, reference is made to EP-1. 052.63 8, which describes a disc drive which divides a 
disc in a plurality of zones. For each of the zones, an operational mode is fixed, and an 
associated velocity is fixed. So, one zone may be operated ia CAV mode at a first rotational 
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speed, a second zone may be operated in CAV mode at a second rotational speed, and a third 
zone may be operated in CLV mode at a certain linear velocity, etc. However, the distinction 
of zones, and the modes and velocities associated with the zones, are defined in advance, the 
definitions being fixed. A disadvantage of such pre-defined definition of operating mode and 
5 velocity is that the apparatus is usually not operating as efficiently as possible with a view to 

power consumption. 

The present invention aims to overcome this disadvantage. 
More particularly, an objective of the present invention is to provide an 
improved disc drive apparatus, capable of operating at reduced power consumption without 
1 0 compromising performance. 



SUMMARY OF THE INVENTION 

According to an important aspect of the present invention, a disc drive is 
capable of dynamically selecting operating mode and/or velocity and/or execution order on 
15 the basis of actions to be taken, with a view to minimizing the power consumption of those 
actions. 

According to a further important aspect of the present invention, a disc drive is 
capable of receiving a plurality of action commands, to store the commands in a command 
buffer, to calculate a most efficient execution order for these commands, and to perfomi the 

20 commands in the calculated most efficient execution order. 

According to a preferred embodiment of the present invention, a disc drive is 
capable of receiving a plurality of action commands, to store the commands in a command 
buffer, to calculate a most efficient execution order for these conamands in combination with 
a most efficient mode and/or velocity selection, and to perform the commands in the 

25 calculated most efficient execution order at the correspondingly selected most efficient mode 
and/or velocity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects, features and advantages of the present invention will 
30 be further explained by the following description with reference to the drawings, in which 
same reference numerals indicate same or similar parts, and in which: 

figure 1 schematically illustrates relevant components of an optical disc drive 

apparatus; 
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figures 2 A and 2B axe graphs illustrating CAV mode and CL V mode, 

respectively; 

figures 3 A and 3B are graphs illustrating CAV mode and CLV mode, 
respectively, for a case where the velocity depends on a radius range of the disc; 

figure 4 is a graph illustrating selectable CAV mode and CLV mode; 

figures 5A and 5B are graphs illustrating the amount of energy required for 
reading/writing a certain amount of data in CAV mode or in CLV mode; 

figure 6 is a flow diagram illustrating a first embodiment of a read/write 
process according to the present invention; 

figure 7 is a flow diagram illustrating a second embodiment of a read/write 
process according to the present invention; 

figure 8 is a flow diagram illustrating a tihdrd embodiment of a read/write 
process according to the present invention; 

figure 9 is a flow diagram iUustratiag a fourth embodiment of a read/write 
process according to the present invention; 

figure 10 is a flow diagram illustrating a fifth embodiment of a read/write 
process according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 schematically illustrates an optical disc drive apparatus 1, suitable for 
storing information on or reading information from an optical disc 2, typically a DVD or a 
CD. For rotating the disc 2, the disc drive apparatus 1 comprises a motor 4 fixed to a frame 
(not shown for sake of simplicity), defining a rotation axis 5. 

The disc drive apparatus 1 further comprises an optical system 30 for scanning 
tracks (not shown) of the disc 2 by an optical beam. More specifically, in the exemplary 
arrangement illustrated in figure 1, the optical system 30 comprises a light beam generating 
means 31, typically a laser such as a laser diode, arranged to generate a light beam 32. In the 
following, dififerent sections of the light beam 32, following an optical path 39, will be 
indicated by a character a, b, c, etc added to the reference numeral 32. 

The light beam 32 passes a beam splitter 33, a collimator lens 37 and an 
objective lens 34 to reach (beam 32b) the disc 2. The Kght beam 32b reflects firom the disc 2 
(reflected light beam 32c) and passes the objective lens 34, the collimator lens 37 and the 
beam splitter 33 (beam 32d) to reach an optical detector 35, The objective lens 34 is designed 
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to focus the light beam 32b in a focus spot F on a recording layer (not shown for sake of 

simplicity) of the disc. 

The disc drive apparatus 1 further comprises an actuator system 50, which 
comprises a radial actuator 51 for radially displacing the objective lens 34 with respect to the 
5 disc 2. Since radial actuators are known per se, while the present invention does not relate to 
the design and functioning of such radial actuator, it is not necessary here to discuss the 
design and functioning of a radial actuator in great detail. 

For achieving and maintaining a correct focusing, exactly on the desired 
location of the disc 2, said objective lens 34 is mounted axially displaceable, while further the 
10 actuator system 50 also comprises a focus actuator 52 arranged for axially displacing the 
objective lens 34 with respect to the disc 2. Since focus actuators are known per se, while 
further the design and operation of such focus actuator is no subject of the present invention, 
it is not necessary here to discuss the design and operation of such focus actuator in great 
detail. 

1 5 For achieving and maintaining a correct tilt position of the objective lens 34, 

the objective lens 34 may be mounted pivotably; in such case, as shown, the actuator system 
50 also comprises a tilt actuator 53 arranged for pivoting the objective lens 34 with respect to 
the disc 2. Since tilt actuators are known per se, while further the design and operation of 
such tilt actuator is no subject of the present invention, it is not necessary here to discuss the 

20 design and operation of such tilt actuator in great detail. 

It is fiirther noted that means for supporting the objective lens with respect to 
an apparatus firame, and means for axially and radially displacing the objective lens, as well 
as means for pivoting the objective lens, are generally known per se. Since the design and 
operation of such supporting and displacing means are no subject of the present invention, it 

25 is not necessary here to discuss their design and operation in great detail. 

It is further noted that the radial actuator 51, the focus actuator 52 and the tilt 
actuator 53 may be implemented as one integrated actuator. 

The disc drive apparatus 1 further comprises a control circuit 90 having a jBrst 
output 91 coupled to a control input of the radial actuator 51, having a second output 92 

30 coupled to a control input of the focus actuator 52, having a third output 93 coupled to a 

control input of tie tilt actuator 53, and having a fourth output 94 connected to a control input 
of the motor 4. The control circuit 90 is designed to generate at its first control output 91a 
control signal Scr for controlling the radial actuator 51, to generate at its second output 92 a 
control signal Scf for controlling the focus actuator 52, to generate at its third output 93 a 
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control signal Sex for controlling the tilt actuator 53, and to generate at its fourth output 94 a 
control signal Scm for controlling the motor 4. 

The control circuit 90 further has a read signal input 95 for receiving a read 
signal Sr from the optical detector 35. 

For scanning the optical disc 2 (in a reading or writing operation), the control 
circuit 90 drives the motor 4 (control signal Scm) to rotate at a certain rotational frequency. If 
the disc 2 is mounted directly on an output axis of the motor (as depicted in the figure), the 
rotational frequency of the disc 2 is identical to the rotational frequency of motor, but it may 
also be that the disc drive apparatus 1 comprises a transmission system between motor and 
disc, in which case the rotational frequency of the disc 2 may differ from the rotational 
frequency of motor, as will be clear to a person skilled in the art. In the following, the 
rotational frequency of the disc 2 will be indicated as m [s"^]; the rotational velocity of the 
disc will be Ikco [rad/s]. 

The control circuit 90 may operate in a CAV mode, in which case the 
rotational frequency o is independent of the radial position of the scanning focus spot F. The 
control circuit 90 may also operate in a CLV mode, in which case the linear velocity V of the 
scanning focus spot F with respect to the track is independent of the radial position of the 
scanning focus spot F. 

a> and V follow the relationship V = 271x0 -R, R being the radius of the radial 
position of the scanning focus spot F. In the case of operating in CAV mode, the linear 
scaiming velocity is proportional to the radius of the radial position of the scanning focus 
spot F. In the case of operating in CLV mode, the rotational frequency cd of the disc is 
inversely proportional to the radius of the radial position of the scanning focus spot F. This is 
illustrated in figures 2A and 2B, which are schematical graphs indicating gd and V (vertical 
axis, arbitrary units) as a function of R (horizontal axis, arbitrary units) for the case of CAV 
(figure 2A) and the case of CLV (figure 2B). 

In figures 2A and 2B, co and V, respectively, are constant over the entire range 
of R from the innermost radius Rinner to the outermost radius Router- The control circuit 90 of 
the disc drive 1 according to the present invention is preferably capable of varying the value 
of CO or V, respectively, depending on circumstances, as will be explained later. An example 
of this is illustrated in figures 3 A and 3B, which are graphs comparable to figures 2A and 2B, 
respectively. 

Figure 3 A illustrates a case where the control circuit 90 is operating in CAV 
mode at a first constant rotational frequency cdI in a first range from the innermost radius 
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Rinner to a Certain first radius Rl ; the control circuit 90 is operating in CAV mode at a second 
constant rotational firequency (X)2 in a second range firom said first radius Rl to a certain 
second radius R2; and the control circuit 90 is operating in CAV mode at a third constant 
rotational firequency 0)3 in a third range firom said second radius R2 to the outermost radius 

5 Router- 
Figure 3B illustrates a case where the control circuit 90 is operating in CLV 

mode at a first constant linear velocity VI in a fibrst range firom the innermost radius Rinner to a 

certain first radius Rl; the control circuit 90 is operating in CLV mode at a second constant 

linear velocity V2 in a second range firom said first radius Rl to a certam second radius R2; 

10 and the control circuit 90 is operating in CLV mode at a third constant linear velocity V3 in a 
third range firom said second radius R2 to the outermost radius Router- 

In figures 2A/3 A and 2B/3B, the control circuit 90 is always operating in CAV 
mode or CLV mode, respectively, albeit at different values for the constant rotational 
frequency and the constant linear velocity, respectively. The control circuit 90 of the disc 

15 drive 1 according to the present invention is preferably capable of selectively operating in 
CAV mode or in CLV mode, depending on circumstances, as will be explained later. An 
example is illustrated in figure 4, which is a comparable to figures 2A and 2B. Figure 4 
illustrates a case where the control circuit 90 is operating in CAV mode at a certain constant 
rotational frequency cal in a first range firom the innermost radius Rinner to a certain first 

20 radius Rl . The control circuit 90 is operating in CLV mode at a certain constant linear 
velocity VI in a second range firom said first radius Rl to the outermost radius Router- 
According to an important aspect of the present invention, the control circuit 
90 is designed to select its mode of operation (either CAV mode or CLV mode), and/or the 
value of constant rotational frequency, and/or the value of constant linear velocity, on the 

25 basis of power consumption consideration, as will be described later. 

For a disc drive apparatus executing a task, the amount of energy consumed 
can be different, depending on whether the drive is operating in CAV mode or in CLV mode. 
In this respect, the phrase "executing a task" is used to cover a variety of individual activities, 
such as performing a jump from a start track to a target track, reading/writing a certain 

30 amount of data fiom/at a certain track location, etc. For the activity "reading" or "writing", 
the power consumption will be substantially equal in CAV and in CLV mode, but the time 
required for reading/writing a certain amount of data can be different (in this respect, it is 
noted that the consumed energy is equal to the consumed power multiplied by the required 
time, or, more accurately, ENERGY = f {POWER(t)d(t)} , The difference will depend on the 
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radius of the data storage location, but also on the state the disc drive is in when starting the 
activity. For instance, scanning at the inner radius of the disc happens substantially fester in 
CLV mode as compared to CAV mode, assuming that the rotational frequency at the outer 
radius is the same for the CLV mode and the CAV mode. Thus, the energy consumption 
associated with reading/writing a certain amount of data from/at the inner radius is 
substantially less in CLV mode as compared to CAV mode. However, when the disc drive is 
idle or the current location of the focus spot F is at the outer radius, the required scanning 
operation would require a spinning-up of the disc to the corresponding rotational frequency at 
the mner radius (see figure 2B), which is an activity consuming much energy, whereas 
maintaining a constant rotational frequency mainly requires only energy sufficient to 
compensate friction. 

Thus, depending on circimistances, it may be more advantageous to use CAV 
mode or to use CLV mode. Although the target radius plays a role, as does the start radius, 
these parameters are not decisive taken alone: for instance, if the disc drive is currently 
addressing the outer disc radius while operating in CAV mode, the jump to the inner radius 
does not necessarily involve any spinning-up, and it may be advantageous to switch from 
CAV mode to CLV mode. As an other example, if the amount of data to be handled is only 
very little, the lower power consumption associated with the scanning action does not 
compensate the energy consumed by spinning-up the disc, and it may be advantageous to 
continue in CAV mode, whereas, if the amount of data to be handled is large, the balance can 

tip in favour of using CLV mode. 

In the following, a more elaborate discussion will be given of many aspects 

influencing the power consumption of an optical disc drive, especially in conjunction with 

the choice between CAV and CLV mode. 

A disc drive apparatus comprises many components that consume power, such 

as the disc motor, the actuator systems, the laser device, the laser driver, bit detection and 

analogue preprocessing circuitry, digital electronics, buffer memory, DC/DC converter. 

When a disc drive apparatus is given a command (for writing and/or reading), 

the following phases are passed: 

Initial spin-up: Assuming the disc drive is idle and the disc is not rotating, the 

disc has to be spim-up to a certain rotational frequency. The motor and motor driver are 

active; the laser, digital electronics, analogue preprocessing circuitry and actuator systems are 

OFF. 
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When operating in CAV mode, the disc is always spun-up to the same 
rotational frequency, independent of radius; when operating in CLV mode, the disc is spun- 
up to a rotational frequency depending on the radius: at the inner radius, the disc is spun-up 
to a higher rotational frequency as compared to the outer radius. At the inner radius, the 
difference in rotational frequency can amount to a factor 2, whereas at the outer radius, the 
rotational frequency will usually be the same for CAV and CLV. Depending on the radius, 
the energy consumption can be substantially higher in CLV mode as compared to CAV 
mode. 

Initialize optics: After initial spin-up, the optical system is initialized. The 
motor is rotating, normally at a constant frequency. The actuator systems for focus and 
tracking are turned on, as is the laser. The power consumption is mainly determined by the 

laser and the laser driver. 

Spin-up/down: When operating in CAV mode, no change of rotational 
frequency is required, but when operating in CLV mode, and when a jump to another 
location on the disc is necessary, the rotational firequency of the disc is to be changed. The 
change of rotational frequency can be performed simultaneously with a search action. 

Search: The sledge is moving to the correct position with respect to the disc. 
The laser, the actuator systems for focus and tracking, the analogue preprocessing circuitry, 
and the digital electronics are ON. The search phase may partially overlap with the spin- 
up/down phase and/or the initial spin-up phase. The power consumption is mainly 
determined by the laser, the laser driver, and the signal processing electronics. The search is 
performed the same way, whether for CAV mode or CLV mode, so there wiU be little or no 
difference in energy consumption. 

ReadAVrite: The actual reading/writing action is performed. The laser is ON. 
The analogue preprocessing circuitry and the digital electronics are ON for performing 
detection, equalization, error correction. Also, the buffer is ON. The power consumption is 
mainly determined by the laser, the laser driver, and the signal processing electronics. 

In CLV mode, the read/write time is independent of location on disc. 
However, the stationary power consumption of the motor increases from the outer radius to 
the inner radius, because the rotational frequency increases from the outer radius to the inner 
radius. 

hx CAV mode, the stationary power consumption of the motor is independent 
of location on disc. However, the read/write time increases from the outer radius to the inner 
radius. 
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Figures 5A and 5B are graphs illustrating the amount of energy required (Erw; 
vertical axis) for reading/writing a certain amount of data (number of data blocks; horizontal 
axis). Figure 5A relates to a situation where reading/writing takes place at the inner radius of 
the disc, while figure 5B relates to a situation where reading/writing takes place close to the 
outer radius of the disc. Each figure shows two curves, one for operation in CAV mode and 
one for operation in CLV mode. 

In general, when comparing CLV mode with CAV mode, Erw is smaller for 
CLV mode than for CAV mode, because the read/write time is shorter in CLV mode while 
the stationary power consumption of the motor is just a little bit higher in CLV mode. Close 
to the outer radius of the disc, the difference between the CAV characteristic and the CLV 
characteristic is practically zero, at least if the disc velocity is the same in both cases, which 
usually is the case. 

When multiple read/write actions are to be performed sequentially, the CLV 
mode is more energy-efficient than the CAV mode, as can be seen from figures 5A-5B. 
However, when multiple read/write actions are to be performed with random disc accesses, 
the CLV mode involves changing the rotational frequency (speed-up/speed-down), which 
requires extra energy. As long as this extra energy is less than the energy difference ERw,diff 
(figure 5A), the CLV mode is still advantageous, otherwise the CAV mode becomes 
advantageous. 

The total energy Ecommand required for executing a command can be 
expressed as: - 

Ecommand = Exjd + Esearch + Erw 

wherein 

EtjD is the amount of energy required for spinning up or down, 
Esearch is the amount of energy required for searching, 
Erw is the amount of energy required for reading/writing. 

The CLV mode is advantageous over the CAV mode, if the corresponding total energy 
EcoMMAND,CLv is Icss than the total energy Ecommand,cav, i-e. Ecommand.clv <Ecommand,cav 

This condition is satisfied if: 

EuD,CLV + EsEARCH,CLV + Erw,CLV < Eud,CAV + EsEARCH,CAV + Erw,CAV5 Or 

EuD^cLv + Erw,clv < ExiD,cAv + Erw,cav (assuming Esearch,clv = Esearch,cav), or 

EuD,CLV - ExjD,CAV < Erw,CAV - Erw,CLV = ERw,diff 
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Whether or not this condition is satisfied depends, among other things, on the 
condition the disc drive is in: if the disc is ahready spinning, Eud,cav=0, whereas ExjD,asv=0 
only if the disc is already spinning at the correct flrequency, 

A disc drive may receive multiple commands. In a disc drive in accordance 
5 with the principles of the present invention, these commands are not necessarily executed 
immediately on receipt, and they are not necessarily executed in the order of receipt The disc 
drive is adapted to store the commands in a waiting queue, and to execute the conamands in 
command batches once the queue contains a sufficient number of commands, or after a 
predetermined waiting time has passed. The disc drive in accordance with the principles of 
10 the present invention is ftirther adapted to determine the execution order of the commands in 
the queue such that the overall amount of energy required for the entire command batch is as 
low as possible. 

A disc drive in accordance with the principles of the present invention can 
determine such most efficient execution order with one and tiie same scanning mode (CAV, 

15 CLV) for all commands, and it is even possible that the disc drive is not capable of changing 
scanning mode. Preferably, however, a disc drive capable of changing scanning mode is 
adapted to select the scanning mode for each command, such that the overall amount of 
energy required for executing all commands with the selected scanning mode in the 
determined execution order is as low as possible. 

20 Consider a case where the command queue contains three commands CI, C2, 

C3, received in this order. The disc drive can execute these commands in the order C1-C2-C3 
as received, or in the opposite order C3-C2-C1, or for instance in the order C1-C3-C2, or in 
any other order. The total number of possible orders in this case is equal to 6; in general, 
when the queue contains n commands, the total number of possible orders in this case is 

25 equal to n! 

Each command can be executed in CAV mode or in CLV mode; more 
particularly, the first command can be executed in CAV mode or in CLV mode, the second 
command can be executed in CAV mode or in CLV mode, the third command can be 
executed in CAV mode or in CLV mode. In the case of three commands, there are 8 possible 
30 combinations (2^) for mode selection. In general, when the number of mode possibilities is 
equal to m, the number of possibilities is equal to m^. 

Thus, in a case where the conmaand queue contains three commands CI, C2, 
C3, which each can be executed in CAV mode or in CLV mode, the total number of possible 
combinations is equal to 48. In accordance with the present invention, the disc drive is 
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adapted to select, from these 48 combinations, the combination which is associated with the 
minimum amount of energy consumption. 

EXAMPLE 1 

A first embodiment of a read/write process 100 in accordance with the present 
invention will be explained with reference to figure 6. In a first step 101, a read/write 
command is received. The control circuit 90 estimates the amount of energy El expected to 
be consumed when this command is executed in CLV mode [step 102], and estimates the 
amount of energy Ea expected to be consumed when this corumand is executed in CAV 
mode [step 103]. As should be clear to a person skilled in the art, the steps 102 and 103 may 
be executed in opposite order, or simultaneously. 

Then, the control circuit 90 decides whether El is larger or smaller than Ea 
[step 1 10], If the control circuit 90 finds that El is smaller than Ea, the command is executed 
in CLV mode [step 121], otherwise the command is executed in CAV mode [step 122], After 
executing the command, the process continues at first step 101. 

In calculating the amount of energy expected to be consumed when executmg 
the command, the control circuit 90 takes into account the conditions and parameters 
indicated earlier, such as current radius, target radius, current rotational frequency, amount of 
blocks to read/write, etc; this applies to the following examples also. 

In the example, only two possible scanning modes (CAV; CLV) are taken into 
account. It should be clear to a person skilled in the art that similar considerations can be 
made when the control circuit 90 has more possible scanning modes to choose fi-om. The 
same applies to the following examples also. 

EXAMPLE 2 

A second embodiment of a read/write process 200 in accordance with the 
present invention will be explained with reference to figure 7. In a first step 201, a read/write 
command is received, the command containing a command completion time limit Tlimtt- 
This is a restriction relating to the moment in time when the comumand must be completed, 
i.e. the speed at which the read/write process is executed. Such restriction applies in cases of 
time-critical data, such as for instance audio data, video data, etc. 

The control circuit 90 estimates the amount of time tL expected to be needed 
when this coromand is executed in CLV mode [step 202], and estimates the amount of time tA 
expected to be needed when this command is executed in CAV mode [step 203]. As should 
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be clear to a person skilled in the art, the steps 202 and 203 may be executed in opposite 

order, or simultaneously. 

Then, the control circuit 90 compares tL and t a with the command completion 
time limit Tlimit [step 204]. If both tL and tA are smaller than the command completion time 
5 limit Tmirr, processing continues similarly as described with reference to figure 6 [steps 21 1- 
222], and the command is executed in the scanning mode expected to cost the lowest amount 
of energy. 

If any one of tL and t a is larger than the command completion time limit 
Tlimit, or if both tL and tA are larger than the command conapletion time limit Tlxmit, the 
10 completion time consideration is considered more important than the energy consumption 
consideration, and the command is executed in the scanning mode corresponding to the 
shortest amount of estimated completion time [steps 230-232]. 

After executing the command, the process continues at first step 201. 
In the above-described embodiments, the control circuit calculates the 
1 5 estimated amount of energy on a command-by-conGtmand basis. The decision whether a 
command is executed in a CAV mode or in a CLV mode is made for each command 
individually. The commands are executed in the order in which they are received. In the 
following examples, multiple commands are collected in a queue buffer memory, and the 
comanands may be executed in an order differing from the original order. The scanning mode 
20 may be selected individually for each command. 

EXAMPLE 3 

A third embodiment of a read/write process 300 in accordance with the present 
invention will be explained with reference to figure 8. In a first step 301, a read/write 

25 command is received, and stored in the queue buffer memory [step 302]. These steps are 

repeated for subsequent comotnands, until a certain waiting time Twait has passed [step 303]; 
the number of commands now in the queue buflfer memory is indicated as n. In an altemative 
embodiment (not illustrated), said steps are repeated for subsequent conmaands until the 
queue buffer memory contains a predefined number n of commands. 

30 For all n! possible execution orders, the control circuit 90 estimates the 

amoimt of energy ElCI) expected to be consumed when these commands are executed in such 
order(i) in CLV mode [step 311], and determines the execution order costing the lowest 
amount of energy El^min [step 312], Likewise, for all possible execution orders, the control 
circuit 90 estimates the amount of energy EA(i)expected to be consumed when these 
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conamands are executed in such order(i) in CAV mode [step 313], and determines the 
execution order costing the lowest amount of energy Ea^un [step 314]. Then, the control 
circuit 90 decides whether El,min is larger or smaller than Ea^dn [step 320]. If the control 
circuit 90 finds that El^hn is smaller than Ea,min, all commands are executed in CLV mode in 
the execution order corresponding to the lowest amoimt of energy El,min [step 321], 
otherwise all commands are executed in CAV mode in the execution order corresponding to 
the lowest amount of energy Ea,min [step 322]. After executing the commands, the process 
continues at first step 301, 

Thus, in this example, all commands are executed in Ihe same scanning mode 
CAV or CLV, but the execution order is selected so that the amount of energy consumed is 
expected to be as low as possible. 

EXAMPLE 4 

A fourth embodiment of a read/write process 400 in accordance with the 
present invention will be explained with reference to figure 9. In a first step 401, a read/write 
command is received, and stored in the queue buffer memory [step 402]. These steps are 
repeated for subsequent commands, until a certain waiting time Twait has passed [step 403]; 
the number of commands now in the queue buffer memory is indicated as n. In an alternative 
embodiment (not illustrated), said steps are repeated for subsequent commands until the 
queue buffer memory contains a predefined number n of conmaands. 

In this example, the commands are executed in the order they have been 
received, but for each command the scanning mode is selected individually, so that the 
amount of energy expected to be consumed by the combination of all n commands is 
expected to be as low as possible. It is noted that this is not necessarily equivalent to each 
conmiand being individually executed as energy-efficient as possible. For instance, it may 
very well be that two commands, when considered alone, are each executed most efficiently 
in CLV mode, but, when considered in combination, the combination may be executed more 
efficiently in CAV mode. 

Thus, the first conmiand may be executed in CAV mode or in CLV mode, 
giving two possibilities. Independent firom the mode setting for the first command, the second 
command may be executed in CAV mode or in CLV mode, giving a total of four 
possibilities. Independent firom the mode setting for the first and second commands, the third 
command may be executed in CAV mode or in CLV mode, giving a total of ei^t 
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possibUities. A skilled person will understand that there are T possibilities for scanning mode 

setting of n commands. 

For all these T scanning mode setting possibilities, the control circuit 90 
estimates the amount of energy Eex(i) expected to be consumed when the commands are 
5 executed with the corresponding mode setting [step 41 1], and selects the mode setting costing 
the lowest amount of energy Eex,Mm [step 412]. Then, the control circuit 90 executes the 
commands from the queue buffer memory in the order of receipt, setting for each command 
the scamiing mode as determined in step 412 [step 421]. After executing the commands, the 
process continues at first step 401. 

10 

EXAMPLES 

A fifth embodiment of a read/write process 500 in accordance with the present 
invention will be explained with reference to figure 10. In a first step 501, a read/write 
command is received, and stored in the queue buffer memory [step 502]. These steps are 

1 5 repeated for subsequent conamands, until a certain waiting time Twatt has passed [step 503]; 
the number of commands now in the queue buffer memory is indicated as n. In an altemative 
embodiment (not illustrated), said steps are repeated for subsequent conunands until the 
queue buffer memory contains a predefined number n of commands. 

The fifth embodiment is a combination of the third and fourth embodiments, in 

20 that the control circuit 90 considers all n! possible execution orders, and, for each possible 
execution order, considers all 2*" possibilities for scamiing mode setting. Thus, for all 2''-n! 
possible combinations of execution order and scanning mode setting, the control circuit 90 
estimates the amount of energy Eex(i) expected to be consumed [step 511], aad selects the 
combination of execution order and scanning mode setting costing the lowest amoimt of 

25 energy Eex^oN [step 512]. Then, the control circuit 90 executes the commands from the queue 
buffer memory in the order as determined in step 512, setting for each command the scanning 
mode as determined in step 512 [step 521]. After executing the commands, the process 
continues at first step 501. 



30 EXAMPLE 6 

A sixth embodiment of a read/write process in accordance with the present 
invention is a combination of the fifth and second embodiments. In the sixth embodiment, the 
batch of n commands in the queue buffer memory is associated with an overall completion 
time limit, i.e. the combination of n commands must be completed wiliiin a certain time limit, 
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either a predetermined iixed time limit or a time limit cormnimicated to the control circuit 90 
in association with the conmaands. 

The process of the sixth embodiment is comparable to the process of the fiflh 
embodiment as described above, with the exception that, in step 51 1, the control circuit 90 
also estimates, for each of the 2"-n! possible combinations of execution order and scanning 
mode setting, the estimated time required for completitig the batch of the n commands; such 
combination of execution order and scanning mode setting is only taken into account if the 
estimated overall completion time is less than said overall completion time limit Thus, even 
if a certain combination of execution order and scanning mode setting would be more energy- 
efficient, this combination would not be selected if it involves more execution time than the 
time limit, 

EXAMPLE? 

A seventh embodiment of a read/write process in accordauce with the present 
invention is also a combination of the jQfth and second embodiments. In the seventh 
embodiment, the batch of n commands in the queue buffer memory contains at least one 
command which is associated with an individual completion time limit, i.e. this command 
must be completed within a certain time limit, either a predetermined jBbsed time limit or a 
time limit communicated to the control circuit 90 in association with this command The 
batch of n commands may comprise multiple commands associated with individual time 
limits; the respective individual time limits may be mutually different. 

The process of the seventh embodiment is comparable to the process of the 
fifth embodiment as described above, with the exception that, in step 51 1, the control circuit 
90 also estimates, for each of the 2''-n! possible combinations of execution order and scanning 
mode setting, the estimated time required for completing each individual command (or at 
least the commands associated with an individual time limit); such combination of execution 
order and scanning mode setting is only taken into account if, for each individual command, 
the estimated individual completion time is less than the corresponding individual completion 
time limit Thus, even if a certain combination of execution order and scanning mode setting 
would be more energy-efficient, this combination would not be selected if it involves even 
one command surpassing its individual completion time limit. 

It should be clear to a person skilled in the art that the present invention is not 
limited to the exemplary embodiments discussed above, but that several variations and 
modifications axe possible within the protective scope of the invention as defined in the 
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appending claims. For instance, even when maintaining CLV mode, it is possible to select 
different linear velocities for executing different commands. The disc drive may have 
different pre-defined linear velocities available. When estimating a minimum amount of 
energy consumption, the disc drive may vary the linear velocity and perform calculations for 
5 each of the pre-defined linear velocities. These variations may be on the basis of one velocity 
for all tasks, or on the basis of independent velocities for different tasks. 

Likewise, even when maintaining CAV mode, it is possible to select different 
angular velocities for executing different conmiands. The disc drive may have different pre- 
defijaed angular velocities available. When estimating a minimum amount of energy 
10 consumption, the disc drive may vary the angular velocity and perform calculations for each 
of the pre-defined angular velocities. These variations may be on the basis of one velocity for 
all tasks, or on the basis of independent velocities for different tasks. 

Further, a combination of the sixth and seventh embodiment is possible, in that 
an overall completion time limit applies to the batch of scanning commands while also an 
1 5 individual execution time limit applies to at least one individual scanning command. 

Further, overall and/or individual time constraints may also apply to the fourth 

and fifth embodiments. 

In the above, the present invention has been explained with reference to block 
diagrams, which illustrate functional blocks of the device according to the present invention. 

20 It is to be understood that one or more of these functional blocks may be implemented in 
hardware, where the function of such fimctional block is performed by individual hardware 
components, but it is also possible that one or more of these functional blocks are 
implemented in software, so that the function of such functional block is performed by one or 
more program lines of a computer program or a programmable device such as a 

25 microprocessor, microcontroller, digital signal processor, etc. 
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CLAIMS: 



1 . Method (1 00; 200; 300; 400; 500) for scanning a track of a disc-shaped 
storage medium (2), the method comprising the steps of: 

receiving (101; 201; 301; 401; 501) at least one scamiing command; 

calculating (102, 103; 211, 212; 311, 313; 411; 511) energy consumption 
5 estimates at different scamiing mode settings (CAV; CLV); 

determining (1 10; 213; 312, 314, 320; 412; 512) a scanning mode setting 
associated with minimal expected energy consumption; 

executing (121, 122; 221, 222; 321, 322; 421; 521) said at least one scanning 
coxnmand at the thus determined scanning mode setting. 

10 

2. Method (100; 200) according to claim 1, the method comprising the steps of: 

receiving (101; 201) one scanning command; 

calculating (102; 21 1) the estimated amotint of energy (El) consumed when 
this scanning command is executed in CLV mode; 
15 calculating (103; 212) the estimated amount of energy (TEa) consimied when 

this scanning coimnand is executed in CAV mode; 

determining (1 10; 213) which scanning mode (CLV; CAV) is most energy- 
efficient for executing this scanning command; 

executing (121, 122; 221, 222) this scanning command in the most energy- 

20 efficient scanning mode (CLV; CAV). 

3. Method (200) according to claim 2, wherein the scanning command is 
associated with a completion time limit (Tumtf), the method further comprising the steps of: 

calculating (202) the estimated completion time (tL) when this scanning 
25 cojtnmand is executed in CLV mode; 

calculating (203) the estimated completion time (tA) when this scanning 
command is executed in CAV mode; 

examining (204) if any of the estimated completion time (tL; tA) exceeds the 
completion time limit (Tlimtt); 
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if it is found that any of the estimated completion time (tL; Ia) exceeds the 
completion time limit (Tlimtt), determining (230) which scanning mode (CLV; CAV) is most 
time efficient for executing this scanning command, and executing (231, 232) this scanning 
coimnand in the most time efficient scanning mode (CLV; CAV), 

4- Method (300) according to claim 1, the method comprising the steps of: 

receiving a plurality of n scanning commands, and placing these scanning 
commands in a queue buffer memory (301, 302, 303); 

calculating (311), for each of all n! possible execution orders of these n 
scanning commands, the corresponding estimated amount of energy (EL(i)) consumed when 
these scanning commands are executed in CLV mode in the respective execution order(i); 

calculating (313), for each of all n! possible execution orders of these n 
scanning commands, the corresponding estimated amount of energy (EA(i)) consumed when 
these scanning conamands are executed in CAV mode in the respective execution order(i); 

determining (312, 314, 320) which combination of execution order and 
scanning mode is most energy-efficient for executing these n scanning conamands; 

executing (321, 322) these n scanning commands, using the most energy- 
efficient combination of execution order and scanning mode (CLV; CAV). 

5, Method according to claim 4, wherein said determining (3 12, 3 14, 320) step 
comprises the steps of: 

determining (312) which one of said n! possible execution orders is most 
energy-efficient for executing said n scanning commands in CLV mode, and determining the 
corresponding minimal energy consumption (El,min) expected; 

determining (314) which one of said n! possible execution orders is most 
energy-efficient for executing said n scanning commands in CAV mode, and determining the 
corresponding minimal energy consumption (Ea,min) expected; 

comparing (320) the thus calculated minimal energy consumption (EL^Mnsr) for 
CLV mode with the thus calculated minimal energy consumption (Ea,min) for CAV mode. 

6. Method according to claim 4, wherein the set of n scanning commands is 
associated with an overall completion time limit, and wherein, in the step of determining 

(3 12, 3 14, 320) the most energy-efficient combination of execution order and scanning mode. 
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only those combinations are taken into account which comply with such overall completion 
time limit. 

7- Method according to claim 4, wherein at least one of the scanning commands 

5 is associated with an individual completion time limit, and wherein, in the step of 

determining (312, 314, 320) the most energy-efficient combination of execution order and 
scanning mode, only those combinations are taken into account which comply with such 
individual completion time limit. 

10 8. Method (400) according to claim 1, the method comprising the steps of: 

receiving a plurality of n scanning conamands, and placing these scanning 
commands in a queue buffer memory (401, 402, 403); 

calculating (411), for each of all possible combinations of individual 
scanning mode settings (CAV, CLV) for these n scanning conamands, the corresponding 
1 5 estimated amount of energy (EEx(i)) consumed when these scanning conamands are executed 
in the order as received and stored in the queue; 

determining (412) which combination of individual scanning mode settings 
(CAV, CLV) for these n scanning conamands is most energy-efficient for executing these n 
scaiming commands in the order as received and stored in the queue; 
20 executing (421) these n scanning commands in the order as received and 

stored in the queue, using the most energy-efficient combination of individual scanning mode 
settings (CAV, CLV) for these n scamiing commands. 

9. Method according to claim 8, wherein Uie set of n scanning conamands is 
25 associated with an overall completion time limit, and wherein, in the step of determining 

(412) the most energy-efficient combination of individual scanning mode settings, only those 
combinations are taken into account which comply with such overall completion time limit 

10. Method according to claim 8, wherein at least one of the scanning commands 
30 is associated with an individual completion time limit, and wherein, in the step of 

determining (412) the most energy-efficient combination of individual scanning mode 
settings, only those combinations are taken into account which comply with such individual 
completion time limit. 
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1 1 . Method (500) according to claim 1, the method comprising the steps of: 

receiving a plxirality of n scanning commands, and placing these scanning 
commands in a queue buffer memory (501, 502, 503); 

calculating (511), for each of all 2^-n! possible combinations of individual 
5 scanning mode settings (CAV, CLV) and possible execution orders of these n scanning 
commands, the corresponding estimated amount of energy (EEx(i)) consumed when these n 
scanning commands are executed in the respective execution order(i), using the respective 
combination of individual scanning mode settings (CAV, CLV) for these n scanning 
commands; 

10 determining (512) which combination of individual scanning mode settings 

(CAV, CLV) and execution order of these n scanning commands is most energy-efficient; 

executing (521) these n scanning commands using the most energy-efficient 
combination of individual scanning mode settings (CAV, CLV) and execution order. 



15 12. Method according to claim 1 1, wherein the set of n scanning commands is 

associated with an overall completion time limit, and wherein, in the step of determining 
(512) the most energy-efficient combination of individual scanning mode settings (CAV, 
CLV) and execution order, only those combinations are taken into account which comply 
with such overall completion time limit 

20 

13. Method according to claim 1 1, wherein at least one of the scaiming commands 

is associated with an individual completion time limit, and wherein, in the step of 
determining (512) the most energy-efficient combination of individual scanning mode 
settings (CAV, CLV) and execution order, only those combinations are taken iato account 
25 which comply with such individual completion time limit 



14. Disc drive apparatus (1) for writing infomiation to a storage medium (2) 

and/or for reading information from a storage medium (2), capable of selectively operating in 
at least a CAV mode and at least a CLV mode, the disc drive apparatus (1) being adapted to 
30 execute the method of any of the previous claims. 
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ABSTRACT: 



A method (100; 200; 300; 400; 500) for scanning a track of a disc-shaped 
storage medivim (2) comprises the steps of: 

receiving (101; 201; 301; 401; 501) at least one scanning command; 

calculating (102, 103; 211, 212; 311, 313; 411; 511) energy consumption 
5 estimates at different scanning mode settings (CAV; CLV); 

determining (1 10; 213; 312, 314, 320; 412; 512) a scanning mode setting 
associated with nainimal expected energy consvimption; 

executing (121, 122; 221, 222; 321, 322; 421; 521) said at least one scanning 
command at the thus determined scanning mode setting. 

10 

Figure 6 
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